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STABILIZED TRIMERIC HIV-1 GP41 FUSION
POLYPEPTIDES COMPRISING THE
N-TERMINAL HEPTAD REPEAT (NHR) AND
FOLDON (FD) TRIMERIZATION MOTIF

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 35 USC
§119(e) to U.S. Provisional Patent Application No. 61/151,
110 filed Feb. 9, 2009, the entire contents of which is incor-
porated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with United States Government
support of Grant No. Al46221 awarded by the National Insti-
tutes of Health. The United States Government may have
certain rights in this invention.

FIELD OF THE INVENTION

The present disclosure describes trimeric HIV fusion
inhibitors comprising peptides corresponding to the sequence
of'the N-terminal heptad repeat (NHR or HR1) or C-terminal
heptad repeat (CHR or HR2) of the transmembrane glyco-
protein of HIV and a trimerization motif. Also disclosed are
methods of treating HIV infection or preventing HIV sexual
transmission by administering such trimeric HIV fusion
inhibitors.

BACKGROUND OF THE INVENTION

The human immunodeficiency virus (HIV) is a retrovirus
that infects cells of the human immune system, leading to
acquired immunodeficiency syndrome (AIDS). In 2007, an
estimated 33.2 million people worldwide were living with
HIV, about 2.7 million people became newly infected, and 2
million patients lost their lives to AIDS. Currently 25 antiret-
roviral drugs have been approved by the U.S. Food and Drug
Administration (FDA) for treating HIV infection, 22 of which
are reverse transcriptase inhibitors (RTIs) and protease
inhibitors (PIs). RTIs inhibit the activity of HIV reverse tran-
scriptase, a viral DNA polymerase enzyme that HIV needs to
reproduce, while Pls inhibit the activity of HIV protease, an
enzyme used by the virus to cleave nascent proteins for the
final assembly of new virions. Clinical applications of these
drugs in different combinations, known as highly active anti-
retroviral therapy (HAART), have dramatically reduced the
morbidity and mortality of AIDS and have significantly
improved life expectancy for HIV-infected patients. How-
ever, increasing numbers of HIV/AIDS patients on HAART
regimens have failed to respond to the current RTTs and PIs
due to the emergence of variant strains of drug-resistant HIV.
Thus, there is an urgent need for development of new antiret-
rovirals which are active in inhibiting HIV fusion and entry
and against HIV strains that are resistant to current HAART
regimens.
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Sexual transmission is the most common route of spread of
HIV. Both cell-free and cell-associated HIV present in the
genital secretions can be sexually transmitted. The continual
spread of the HIV epidemic is testament to the lack of safe sex
practices. Thus there is an urgent need to develop topically
applicable, safe, potent and affordable anti-HIV agent for
prevention of HIV sexual transmission.

The event of viral fusion and entry mediated by viral enve-
lope glycoproteins (Env) gp120 and gp41 is the first and most
essential step of HIV type 1 (HIV-1) infection. After gp120
binding to the cellular receptor CD4 and a coreceptor,
CXCR4 or CCRS, the fusion peptide at the N-terminus of
gp4l is exposed, enabling its insertion into the target cell
membrane. A series of conformational changes in gp41 take
place which lead the protein into its fusogenic state, bringing
the viral and target cell membranes into close proximity and
promoting membrane fusion.

The core structure of the gp41 ectodomain consists of two
4-3 hydrophobic heptad repeat (HR) regions defined as N-ter-
minal heptad repeat (NHR or HR1, residues 540-590) and
C-terminal heptad repeat (CHR or HR2, residues 624-666).
Crystallographic studies have shown that CHR can interact
with NHR to form a conformation called the “trimer-of-
hairpins” or “six-helix bundle” (6-HB), within which three
parallel NHRs form a trimeric coiled-coil core and three
CHRs pack antiparallelly into the highly conserved hydro-
phobic grooves along the surface of the inner coiled coil.

Peptides derived from NHR and CHR regions are named
NHR- and CHR-peptides, respectively. Some CHR-peptides
are potent HIV fusion inhibitors, acting by binding to the viral
gp41 inner NHR-trimer to interfere with 6-HB formation. In
the early 1990s, the first highly potent CHR-peptide with
anti-HIV activity at nanomolar level, SJ-2176, was discov-
ered. Later, two analog peptides, T20 (DP-178) and C34,
which inhibited HIV-1-mediated fusion at low nanomolar
level were reported. T20 (Fuzeon®; enfuvirtide) has been
approved by the US FDA as the first member of a new class of
anti-HIV drugs—HIV fusion inhibitors.

T201s effective as a salvage therapy for HIV/AIDS patients
who have failed to respond to current antiretroviral therapeu-
tics, including RTTs and PIs. However, the clinical use of T20
is limited because of its low potency, short half-life, high cost
of production and ease with which it induces drug resistance.
Using molecular cloning techniques to express recombinant
proteins comprising the CHR-sequence fused to a trimeriza-
tion motif is expected to produce a CHR-trimer with
improved potency, relatively long half-life, lower cost of pro-
duction, and improved resistance profile.

Besides CHR, NHR is also a key target of engineered
peptide or protein inhibitors. An NHR-targeted molecule,
designed 5-Helix, consists of three NHR helices and two
CHR helices interconnected by linkers of five amino acids
each. This peptide folds into a structure similar to 6-HB, in
which a hydrophobic groove between two NHR-helices is
exposed for the binding of viral CHR. 5-Helix shows high
potency against HIV-1 infection with a low nanomolar IC,,
value. However, it is a difficult task to refold the polypeptide
into 5-helix bundle.

In principle, NHR-peptides should also present antiviral
activity by targeting the CHR to block the binding of viral
CHR to NHR. But the potency of linear NHR-peptides is very
low. The reason is that NHR-peptides tend to aggregate in the
absence of CHR-peptides. It is supposed that if properly
designed NHR-peptides could form stable trimeric coiled-
coil conformations that do not aggregate, their efficiency
should be as high as that of CHR-peptides.
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There are several ways to construct soluble NHR-trimers.
Firstly, intermolecular disulfide bonds can be introduced in
the NHR-peptide region to stabilize the trimeric conforma-
tion. Examples of this method include N34CCG and
N35CCG-N13. Secondly, NHR-peptides can be fused to the
designed trimetic coiled coils such as portions of GCN4-pIQI
(IQ) or IZ to form stable helical trimers, e.g., IQN17, IQN23,
and 1ZN17. These soluble NHR-trimers may inhibit HIV
infection as effective as the CHR-peptides.

In the present disclosure, an NHR- or CHR-peptide was
linked to a peptide corresponding to the sequence of foldon
(Fd), a trimerization motif in the C-terminal domain of T4
fibritin, to form a highly stable and soluble NHR-trimer or
CHR-trimer, which are expected to be more potent against
HIV infection, more soluble and stable than the monomeric
NHR- or CHR-peptides, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the schematic view of gp4l functional
domains. The residue number corresponds to its position in
HIV-1,,45, gp160. FP, fusion peptide; TR, tryptophan-rich
region; TM, transmembrane domain; CP, cytoplasmic
domain.

FIG. 2 depicts the interactions between the NHR and CHR
of gp41 and between N- and C-peptides. The dashed lines
between NHR and CHR indicate the interaction between the
residues located at the e and g positions in the NHR and the a
and d positions in the CHR. N36 (SEQ ID NO:30); N28 (SEQ
ID NO:31); C34 (SEQ ID NO:35); T20 (SEQ ID NO:36);
gp41 (SEQ ID NO:37).

FIG. 3 depicts the sequences of N36Fd and N28Fd. The
NHR and CHR sequences are underlined and double under-
lined, respectively. The pocket-forming sequence (aa 565-
581) in the NHR and pocket-binding domain (aa 628-635) in
the CHR are in bold and italic type, respectively. The Fd
sequence is bolded and underlined. N36Fd (SEQ ID NO:1);
N28Fd (SEQ ID NO:6).

FIG. 4 depicts SDS-PAGE gel electrophoresis showing
that N36Fd is a SDS-resistant but heat-sensitive trimer.

FIG. 5 depicts SDS-PAGE gel electrophoresis showing
that N28Fd is a SDS-resistant but heat-sensitive trimer.

FIG. 6 illustrates CD spectroscopy analysis of the second-
ary structures of N36 and N36Fd. The spectra of (N36Fd)-Fd
was calculated by subtracting the spectra of Fd peptide from
those of N36Fd.

FIG. 7 illustrates CD spectroscopy analysis of the second-
ary structures of N28 and N28Fd. The spectra of (N28Fd)-Fd
was calculated by subtracting the spectra of Fd peptide from
those of N28Fd.

FIG. 8 illustrates CD spectroscopy analysis of the second-
ary structures of the complexes of C34 with N36 and N36Fd,
respectively. The spectra of (N36F+C34)-Fd was calculated
by subtracting the spectra of Fd peptide from those of N36F+
C34.

FIG. 9 illustrates CD spectroscopy analysis of the second-
ary structures of the complexes of C34 with N28 and N28Fd,
respectively. The spectra of (N28F+C34)-Fd was calculated
by subtracting the spectra of Fd peptide from those of N28F+
C34.

FIG. 10 illustrates the inhibitory activity of N36, N28,
N36Fd and N28Fd, respectively, on the HIV-1,,,.-mediated
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cell-cell fusion. The C-peptide T20 and Fd peptide were
included as a control. The IC;, value of each peptide was
shown in the figure.

FIG. 11 illustrates the inhibitory activity of N36, N28,
N36Fd and N28Fd, respectively, on infection by the HIV-1,,,-
(subtype B, X4). The C-peptide T20 and Fd peptide were
included as a control. The IC;, value of each peptide was
shown in the figure.

FIG. 12 illustrates the inhibitory activity of N36Fd and
N28Fd, respectively, on infection by the HIV-1 ,, (subtype B,
R5). The C-peptide T20 and Fd peptide were included as a
control. The ICs, value of each peptide was shown in the
figure.

FIG. 13 illustrates the inhibitory activity of N36Fd and
N28Fd, respectively, on infection by the HIV-1g5,1,, o, (sub-
type C, RS5). The C-peptide T20 and Fd peptide were included
as a control. The IC,, value of each peptide was shown in the
figure.

FIG. 14 illustrates the residual amount of N28Fd or T20
detected by a direct ELIS A after digestion by proteinase K for
different times.

FIG. 15 illustrates the remaining antiviral potency of
N28Fd or T20 tested by inhibition of HIV-1,, assay after
digestion by proteinase K for different times.

SUMMARY OF THE INVENTION

In one aspect, disclosed herein are trimeric HIV fusion
inhibitors consisting of a peptide corresponding to the
sequence of the N-terminal heptad repeat (NHR or HR1) or
C-terminal heptad repeat (CHR or HR2) of the transmem-
brane glycoprotein of HIV and a peptide corresponding to
foldon (Fd) for the treatment of HIV infections.

In another aspect, disclosed herein is the use of trimeric
HIV fusion inhibitors consisting of peptides corresponding to
the sequence of the NHR (or HR1) or CHR (or HR2) of the
transmembrane glycoprotein of HIV and a peptide corre-
sponding to Fd for the prevention of HIV sexual transmission.

In another aspect, disclosed herein is the use of NHR-
trimer HIV fusion inhibitors, including the amino acid
sequence of SEQ ID NOs. 1-14, for the treatment of HIV
infections or prevention of HIV sexual transmission.

In another aspect, disclosed herein is the use of CHR-
trimer HIV fusion inhibitors, including the amino acid
sequence of SEQ ID NOs. 15-28, for the treatment of HIV
infections or prevention of HIV sexual transmission.

In additional aspect, disclosed herein is the use of conser-
vatively modified variants of SEQ ID NOs. 1-28 for treatment
of HIV infections or prevention of HIV sexual transmission.

In additional aspect, disclosed herein is the use of NHR- or
CHR-trimer HIV fusion inhibitors in combination with other
anti-HIV drugs for treatment of HIV infections or prevention
of HIV sexual transmission.

In additional aspect, the NHR- or CHR-trimer HIV fusion
inhibitors are administered in a manner selected from the
group consisting of intramuscular, intravenous, subcutane-
ous, oral, mucosal, vaginal, rectal and percutaneous admin-
istration.

Disclosed herein are trimeric polypeptide pharmaceutical
compositions comprising three monomers, each monomer
comprising a peptide having the amino acid sequence of the
N-terminal heptad repeat (NHR or HR1) or C-terminal hep-
tad (CHR or HR2) of the transmembrane glycoprotein of
human immunodeficiency virus (HIV) and a trimerization
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motif. In another embodiment, the trimeric polypeptide phar-
maceutical composition is produced by recombinant DNA
technology.

In another embodiment, the trimerization motif is foldon.
In another embodiment, the polypeptide comprises a N-ter-
minal heptad repeat and said polypeptide comprises the
amino acid sequence of one of SEQ ID NOs. 1-14. In yet
another embodiment, the polypeptide comprises the amino
acid sequence of SEQ ID NO. 1.

In another embodiment, the polypeptide comprises a C-ter-
minal heptad repeat and said polypeptide comprises the
amino acid sequence of one of SEQ ID NOs. 15-28. In
another embodiment, the polypeptide comprises the amino
acid sequence of SEQ ID NO. 15.

In another embodiment, the trimeric polypeptides are
homotrimers.

In one embodiment, a method is provided of inhibiting the
fusion of a human immunodeficiency virus to a target cell
comprising administering a trimeric polypeptide pharmaceu-
tical composition and inhibiting fusion of the virus to the cell.
In another embodiment, the method prevents infection of a
subject with human immunodeficiency virus. In yet another
embodiment, the method treats a patient previously infected
with human immunodeficiency virus.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, disclosed herein is the use of NHR- or
CHR-trimer HIV fusion inhibitors for treatment of HIV
infection or prevention of HIV sexual transmission.

The term “HIV fusion” refers to a critical step of virus life
cycle necessary for a virion or HIV-infected cell fusing with
a target vesicle or cell.

The term “HIV fusion inhibitor” refers to any agent that
blocks HIV or HIV-infected cell fusion with a target vesicle or
cell.

The term “NHR-trimer” refers to a trimer formed by pep-
tides derived from the NHR (or HR1) sequence of the trans-
membrane glycoprotein of HIV. The term “NHR monomer”
refers to a peptide comprising an NHR peptide sequence and
a trimerization motif. For purposes of the present disclosure,
the terms “peptide” and “polypeptide” are used interchange-
ably.

The term “CHR-trimer” refers to a trimer formed by pep-
tides derived from the CHR (or HR2) sequence of the trans-
membrane glycoprotein of HIV. The term “CHR monomer”
refers to a peptide comprising a CHR peptide sequence and a
trimerization motif.

The present inventors designed a soluble trimer of NHR, or
CHR, peptides stabilized with a trimerization motif, foldon
(Fd), a 27 amino acid region of the C-terminal domain of T4
fibritin (GYIPEAPRDGQAYVRKDGEWVLLSTFL, SEQ
ID NO: 29 or GSGYIPEAPRDGQAYVRKDGEWVLL-
STFL, SEQ ID NO:30). Foldon is obligatory for the forma-
tion of the fibritin trimer structure and can be used as an
artificial trimerization domain. Its native structure consists of
a trimeric -hairpin propeller. Chimeric proteins can be pro-
duced, comprising the foldon domain connected at the C-ter-
minal end of selected NHR, or CHR, sequences with or with-
out the use of a natural linker sequence, which results in the
folding of the resultant fusion protein into highly stable,
SDS-resistant trimers.

In one embodiment, the NHR peptide is selected from the
group consisting of N36, N46, N56, N54, N60, N28,N17 and
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N51. In another embodiment, the CHR peptide is selected
from the group consisting of C14, C21, C28, C34, C36, C38
and C46. The amino acid sequences of NHR and CHR pep-
tides and NHR and CHR monomers are presented in Table 2.

In one embodiment, the NHR monomer comprises the
amino acid sequence of SGIVQQQNNLL-
RAIEAQQHLLQLTVWGIKQLQARILGYI-
PEAPRDGQAYVRKDGEW VLLSTFL (SEQ ID NO. 1).

As used herein, the single-letter codes represent amino acid
residues: A, Alanine; R, Arginine; N, Asparagine; D, Aspartic
acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, gly-
cine; H, Histidine; I, Isoleucine; L, Leucine; K, Lysine; M,
Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threo-
nine; W, Tryptophan; Y, Tyrosine; V, Valine.

In another embodiment, the NHR monomer comprises the
amino acid sequence of one of SEQ ID NOs. 2-14.

In another embodiment, the CHR monomer comprises the
amino acid sequence of WMEWDREINNYTSLGYI-
PEAPRDGQAYVRKDGEWVLLSTFL (SEQ ID NO. 15).

In another embodiment, the CHR monomer comprises the
amino acid sequence of one of SEQ ID NOs. 16-28.

In additional embodiments, disclosed herein is the use of
conservatively modified variants of SEQ ID NOs. 1-28 for
treatment of HIV infections or prevention of HIV sexual
transmission. The variants described herein maintain the bio-
logical activity of the parent or source molecule.

Asused herein the term “conservatively modified variants”
refers to variant peptides which have the same or similar
biological activity of the original peptides. For example, con-
servative amino acid changes may be made, which although
they alter the primary sequence of the protein or peptide, do
not alter its function. Conservative amino acid substitutions
typically include substitutions within the following groups:
glycine and alanine; valine, isoleucine, and leucine; aspartic
acid and glutamic acid; asparagine and glutamine; serine and
threonine; lysine and arginine; phenylalanine and tyrosine.

Modifications (which do not normally alter primary
sequence) include in vivo, or in vitro chemical derivatization
of polypeptides, e.g., acetylation, or carboxylation. Also
included are modifications of glycosylation, e.g., those made
by modifying the glycosylation patterns of a polypeptide
during its synthesis and processing or in further processing
steps; e.g. by exposing the polypeptide to enzymes which
affect glycosylation, e.g., mammalian glycosylating or deg-
lycosylating enzymes. Also embraced are sequences which
have phosphorylated amino acid residues, e.g., phosphoty-
rosine, phosphoserine, or phosphothreonine.

Also included are polypeptides which have been modified
using ordinary molecular biological techniques so as to
improve their resistance to proteolytic degradation or to opti-
mize solubility properties. Analogs of such polypeptides
include those containing residues other than naturally occur-
ring L-amino acids, e.g., D-amino acids or non-naturally
occurring synthetic amino acids. The peptides disclosed
herein are not limited to products of any of the specific exem-
plary processes listed herein.

In addition to substantially full length polypeptides, the
present disclosure also provides for biologically active frag-
ments of the polypeptides.

As used herein, amino acid sequences which are substan-
tially the same typically share more than 95% amino acid
identity. It is recognized, however, that proteins (and DNA or
mRNA encoding such proteins) containing less than the
above-described level of homology arising as splice variants
or that are modified by conservative amino acid substitutions
(or substitution of degenerate codons) are contemplated to be
within the scope of the present disclosure. As readily recog-
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nized by those of skill in the art, various ways have been
devised to align sequences for comparison, e.g., Blosum 62
scoring matrix, as described by Henikoff and Henikoff in
Proc. Natl. Acad. Sci. USA 89:10915 (1992). Algorithms
conveniently employed for this purpose are widely available
(see, for example, Needleman and Wunsch in J. Mol. Bio.
48:443 (1970).

Therefore, disclosed herein are amino acid sequences 85%,
90%, 95%, 98%, 99% or 100% identical to SEQ ID NOs:1-
32.

Upon expression from the appropriate expression system,
the NHR or CHR peptides spontaneously form trimers. In
another embodiment, heterologous trimers are disclosed in
which two or three different monomers form the trimer. To
form a trimer with different monomeric peptides, the trimers
of different N-peptide-Fd (e.g., N28Fd and N36Fd) are bro-
ken apart with a denaturing agent (e.g., 6M GuHCI). After
mixing the dissociated monomers together, and removing the
denaturing agent, the different monomers form heterologous
trimers.

The following expression systems are suitable for use in
expressing the disclosed trimeric proteins: mammalian cell
expression systems such as, but not limited to, pcDNA
expression system, and GS Gene expression system; insect
cell expression systems such as, but not limited to, Bac-to-
Bac expression system, baculovirus expression system and
DES expression systems; and £. coli expression systems
including, but not limited to, pET, pSUMO and GST expres-
sion systems.

The term “therapeutic effect” refers to one or more of the
following: 1) inhibition of fusion of a virion or HIV-infected
cell with a target cell; 2) inhibition of HIV replication; 3)
reduction in the number of infected cells; 4) reduction in the
concentration of virions present in serum; 5) increasing T-cell
count; 6) relieving or reducing to some extent one or more of
the symptoms associated with HIV; and 7) relieving or reduc-
ing the side effects associated with the administration of other
antiretroviral agents.

“Therapeutically effective amount™ is intended to qualify
the amount required to achieve a therapeutic effect.

“BECs, and EC,,” refer to the drug concentration that
results in a 50% and 90% reduction, respectively, in virus
replication or virus-mediated cell-cell fusion.

The present disclosure is also directed to pharmaceutical
compositions comprising the above-described trimeric pep-
tides. Dosages and desired drug concentrations of the dis-
closed trimeric pharmaceutical compositions may vary
depending on the particular use envisioned. The determina-
tion of the appropriate dosage or route of administration is
well within the skill of an ordinary physician. Animal experi-
ments provide reliable guidance for the determination of
effective doses for human therapy. Interspecies scaling of
effective doses can be performed following the principles laid
down by Mardenti, J. and Chappell, W. “The use of interspe-
cies scaling in toxicokinetics” In Toxicokinetics and New
Drug Development, Yacobi et al, Eds., Pergamon Press, New
York 1989, pp. 42-96. “Treatment” refers to both therapeutic
treatment and prophylactic or preventative measures, wherein
the object is to prevent or slow down (lessen) the targeted
pathologic condition or disease. Those in need of treatment
include those already with the disease as well as those prone
to have the disease or those in whom the disease is to be
prevented. In one embodiment, the disease is present. In
another embodiment, the life of a cell or an individual is
prolonged due to the methods described herein.

The above-described trimeric peptides can be formulated
without undue experimentation for administration to a mam-
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mal, including humans, as appropriate for the particular
application. Additionally, proper dosages of the compositions
can be determined without undue experimentation using stan-
dard dose-response protocols.

Accordingly, the compositions designed for oral, nasal,
lingual, sublingual, buccal, intrabuccal, intravenous, subcu-
taneous, intramuscular and pulmonary administration can be
made without undue experimentation by means well known
in the art, for example with an inert diluent or with an phar-
maceutically acceptable carrier. The compositions are
enclosed in gelatin capsules or compressed into tablets. For
the purpose of oral therapeutic administration, the pharma-
ceutical compositions may be incorporated with excipients
and used in the form of tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, chewing gums and the like. A
“pharmaceutically acceptable carrier” means any of the stan-
dard pharmaceutical carriers. Examples of suitable carriers
are well known in the art and may include but are not limited
to any of the standard pharmaceutical carriers like phosphate
buffered saline solutions, phosphate buffered saline contain-
ing Polysorb 80, water, emulsions such as oil/water emulsion,
and various types of wetting agents. Other carriers may also
include sterile solutions, tablets, coated tablets, and capsules.
Typically such carriers contain excipients like starch, milk,
sugar, certain types of clay, gelatin, stearic acid or salts
thereof, magnesium or calcium stearate, talc, vegetable fats or
oils, gums, glycols, or other known excipients. Such carriers
may also include flavor and color additives or other ingredi-
ents. Compositions comprising such carriers are formulated
by well known conventional methods.

Tablets, pills, capsules, troches and the like may also con-
tain binders, excipients, disintegrating agent, lubricants,
sweetening agents, and flavoring agents. Some examples of
binders include microcrystalline cellulose, gum tragacanth or
gelatin. Examples of excipients include starch or lactose.
Some examples of disintegrating agents include alginic acid,
cornstarch and the like. Examples of lubricants include mag-
nesium stearate or potassium stearate. An example of a
glidant is colloidal silicon dioxide. Some examples of sweet-
ening agents include sucrose, saccharin and the like.
Examples of flavoring agents include peppermint, methyl
salicylate, orange flavoring and the like. Materials used in
preparing these various compositions should be pharmaceu-
tically pure and nontoxic in the amounts used.

The trimeric compositions can easily be administered
parenterally such as for example, by intravenous, intramus-
cular, intrathecal or subcutaneous injection. Parenteral
administration can be accomplished by incorporating the
compounds into a solution or suspension. Such solutions or
suspensions may also include sterile diluents such as water
for injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents.
Parenteral formulations may also include antibacterial agents
such as for example, benzyl alcohol or methyl parabens,
antioxidants such as for example, ascorbic acid or sodium
bisulfite and chelating agents such as EDTA. Buffers such as
acetates, citrates or phosphates and agents for the adjustment
of tonicity such as sodium chloride or dextrose may also be
added. The parenteral preparation can be enclosed in
ampules, disposable syringes or multiple dose vials made of
glass or plastic.

Rectal administration includes administering the trimeric
compositions, in a pharmaceutical composition, into the rec-
tum or large intestine. This can be accomplished using sup-
positories, enemas, gels, creams, tablets, and the like. Sup-
pository formulations can easily be made by methods known
in the art. Similarly, vaginal administration forms comprising
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suppositories, gels, douches, creams, tablet, rings and the like
can be formulated. The composition may be intended for
rectal or vaginal administration, in the form, e.g., of a sup-
pository which will melt in the rectum and release the drug.
The composition for rectal or vaginal administration may
contain an oleaginous base as a suitable nonirritating excipi-
ent. Such bases include, without limitation, lanolin, cocoa
butter and polyethylene glycol. Low-melting waxes are pre-
ferred for the preparation of a suppository, where mixtures of
fatty acid glycerides and/or cocoa butter are suitable waxes.
The waxes may be melted, and the cyclohexylamine com-
pound is dispersed homogeneously therein by stirring. The
molten homogeneous mixture is then poured into convenient
sized molds, allowed to cool and thereby solidify.

The disclosed compositions intended for topical adminis-
tration may suitably comprise a solution, emulsion, ointment,
cream or gel base. The base, for example, may comprise one
or more of the following: petrolatum, lanolin, polyethylene
glycols, bee wax, mineral oil, diluents such as water and
alcohol, and emulsifiers and stabilizers. Thickening agents
may be present in a pharmaceutical composition for topical
administration.

Transdermal administration includes percutaneous absorp-
tion of the composition through the skin. Transdermal formu-
lations include patches, iontophoresis devices, ointments,
creams, gels, salves and the like.

The composition may include various materials which
modify the physical form of a solid or liquid dosage unit. For
example, the composition may include materials that form a
coating shell around the active ingredients. The materials
which form the coating shell are typically inert, and may be
selected from, for example, sugar, shellac, and other enteric
coating agents. Alternatively, the active ingredients may be
encased in a gelatin capsule or cachet.

The trimeric peptide compositions of the present disclo-
sure may be administered in a therapeutically effective
amount, according to an appropriate dosing regiment. As
understood by a skilled artisan, the exact amount required
may vary from subject to subject, depending on the subject’s
species, age and general condition, the severity of the infec-
tion, the particular agent(s) and the mode of administration.
In some embodiments, about 0.001 mg/kg to about S0 mg/kg,
of the composition based on the subject’s body weight is
administered, one or more times a day, to obtain the desired
therapeutic effect. In other embodiments, about 1 mg/kg to
about 25 mg/kg, of the composition based on the subject’s
body weight is administered, one or more times a day, to
obtain the desired therapeutic effect.

The total daily dosage of the compositions will be deter-
mined by the attending physician within the scope of sound
medical judgment. The specific therapeutically effective dose
level for any particular patient or subject will depend upon a
variety of factors including the disorder being treated and the
severity of the disorder; the activity of the specific compound
employed; the specific composition employed; the age, body
weight, general health, sex and diet of the patient or subject;
the time of administration, route of administration, and rate of
excretion of the specific compound employed; the duration of
the treatment; drugs used in combination or coincidental with
the specific compound employed, and other factors well
known in the medical arts.

The disclosed compositions may also be employed in com-
bination therapies. That is, the compositions presently dis-
closed can be administered concurrently with, prior to, or
subsequent to, one or more other desired compositions, thera-
peutics, treatments or medical procedures. The particular
combination of therapies administered will be determined by
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the attending physician and will take into account compat-
ibility of the treatments and the desired therapeutic effect to
be achieved. It will be appreciated that therapeutically active
agents utilized in combination may be administered together
in a single composition, treatment or procedure, or alterna-
tively may be administered separately.

For example, the disclosed compositions may be adminis-
tered in combination with one or more other HIV inhibitors
including, for example, but not limited to, one or more
nucleoside/nucleotide reverse transcriptase inhibitors (NR-
TIs), non-nucleoside reverse transcriptase inhibitors (NNR-
TIs), protease inhibitors (PIs), fusion inhibitors, integrase
inhibitors, chemokine receptor (CXCR4, CCRS) inhibitors
and/or hydroxyurea.

Nucleoside reverse transcriptase inhibitors, include but are
not limited to, Abacavir (ABC; Ziagen®), didanosine
(dideoxyinosine (ddl); Videx®), lamivudine (3TC; Epivir®),
stavudine (d4T; Zerit®, Zerit XR®), zalcitabine (dideoxycy-
tidine (ddC); Hivid®), zidovudine (ZDV, formerly known as
azidothymidine (AZT); Retrovir®), abacavir, zidovudine,
and lamivudine (Trizivir®), zidovudine and lamivudine
(Combivir®), and emtricitabine (Emtriva®). Nucleotide
reverse transcriptase inhibitors include tenofovir disoproxil
fumarate (Viread®). Non-nucleoside reverse transcriptase
inhibitors for HIV include, but are not limited to, nevirapine
(Viramune®), delavirdine mesylate (Rescriptor®), and
efavirenz (Sustiva®).

Protease inhibitors (PIs) include amprenavir (Agen-
erase®), saquinavir mesylate (Fortovase®, Invirase®),
ritonavir (Norvir®), indinavir sulfate (Crixivan®), nelfmavir
mesylate (Viracept®), lopinavir and ritonavir (Kaletra®),
atazanavir (Reyataz®), and fosamprenavir (Lexiva®). Ataza-
navir and fosamprenavir (Lexiva) are new protease inhibitors
that were recently approved by the U.S. Food and Drug
Administration for treating HIV-1 infection (see atazanavir
(Reyataz®) and emtricitabine (Emtriva®) for HIV infection,
Medical Letter on Drugs and Therapeutics, available online at
www.medletter.com; U.S. Department of Health and Human
Services (2003). Guidelines for the Use of Antiretroviral
Agents in HIV-infected Adults and Adolescents; available
online at aidsinfo.nih.gov/guidelines.

A fusion/entry inhibitor attaches to the outside of a CD4+
cell (a type of white blood cell) or coreceptors such as CCRS
and CXCR4 or to the viral membrane proteins, such as gp41
and gp120. Fusion/entry inhibitors prevent fusion between
the virus and the cell from occurring or entry ofthe virus to the
cells and therefore, prevent HIV infection and multiplication.
Fusion/entry inhibitors include, but are not limited to, enfu-
virtide (Fuzeon®) and maraviroc (Selzentry®, Pfizer).

An integrase inhibitor blocks the action of integrase, pre-
venting HIV-1 genetic material from integrating into the host
DNA, and thereby stopping viral replication. Integrase inhibi-
tors include, but are not limited to, raltegravir (Isentress®,
Merck); and elvitegravir (GS 9137, Gilead Sciences).

Alternatively or additionally, the compositions disclosed
herein may be administered in combination with one or more
anti-infective agents (e.g., antibiotics, etc.), pain relievers, or
other agents intended to address symptoms of one or more
diseases, disorders, or conditions commonly found in immu-
nocompromised individuals but not directly caused by HIV.

Example 1

Design of N36Fd and N28Fd Trimers

N-peptides derived from the HIV-1 gp41 NHR are com-
monly regarded as weak HIV-1 fusion inhibitors because free
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N-peptides have a tendency to aggregate and thus cannot fold
into a stable trimeric a-helical conformation in physiological
solution. The 27-mer Fd sequence (SEQ ID NO: 29) was used
to facilitate the trimerization of the N-peptides N36 and N28
by fusing the Fd sequence directly to the C-terminus of N36
(SEQ ID NO: 30) or N28 (SEQ ID NO: 31) without any
linking sequence (FIG. 3). N36 was chosen for this study
because ofits ability to form highly stable 6-HB with peptides
derived from gp41 CHR. This peptide includes a 17-amino
acid sequence that provides a critical hydrophobic pocket for
the interaction between gp4l NHR and CHR (FIG. 2, in
bold). The N28 peptide was selected because of an AVERY
(aa 582-586) sequence adjacent to the C-terminus of the
pocket-formation sequence which may be important for gp41
6-HB formation. Specifically, the C-peptides CP-32 (aa 621-
652) and CP-32M, which contain an AVERY-binding motif,
QIWNNMT (aa 621-627; SEQ ID NO:33) (FIG. 2), are more
potent than T20 in blocking 6-HB formation and inhibiting
infection by HIV-1 strains, including those resistant to T20
and C34. N28 contains the 17-mer pocket-forming sequence
(N17) plus the 6-mer IEAQQH (aa 559-564; SEQ ID NO:34))
sequence and the 5-mer AVERY motif at the N- and C-termini
of N17 sequence, respectively (FIG. 2). Addition of the short
flanking sequences at both sides of the pocket-forming
sequence may improve refolding and solubility of the highly
hydrophobic pocket sequence in N28. The full length of the
designed N36Fd and N28Fd peptides consists of 63 and 55
amino acid residues (FIG. 3), respectively. Peptides longer
than 50 amino acids are technically difficult to synthesize, but
can be well expressed in E. coli.

Example 2

Expression, Purification and Characterization of
N36Fd and N28Fd

The DNA fragments of N36 and N28 were amplified by
PCR using the Platinum PCR SuperMix High Fidelity kit
(Invitrogen, Carlsbad, Calif.) from a pHBX-env/wt plasmid
with a forward primer containing a BamH1 site and a reverse
primer that had no restriction site. The fragment of Fd was
produced by annealing a long synthetic forward primer cod-
ing the last 9 amino acids of the N-peptide (N36 or N28) and
the Fd with its complement, a long reverse primer with an
Xholl site. Then the two overlapping fragments were mixed
and used as templates for another PCR reaction using the
BamH]1 forward primer and a shorter reverse primer coding
the last few amino acids of the Fd with an Xholl site. The
product was purified using a gel extraction kit (QIAGEN,
Valencia, Calif.), digested with BamH1 and Xholl enzymes
(TaKaRa Bio, Madison, Wis.), and cloned into a pGEX6p-1
vector (QIAGEN). The sequence was confirmed by DNA
sequencing.

Either the N36Fd-pGEX6p-1 or N28Fd-pGEX6p-1 plas-
mid was transformed into Escherichia coli Rosetta 2(DE3)
(Novagen, Gibbstown, N.I.). The cells were incubated at 37°
C.in LB medium until the OD,, reached 0.8-1.0. The culture
was induced with 0.4 mM IPTG and incubated at 30° C. for 4
h. Then, the cells were harvested and broken by sonication in
1% Triton PBS buffer. After the samples were centrifuged, the
supernatant was loaded into a GST-bind column (Novagen).
The column was rinsed, and the bound GST-fused N-Fd pep-
tides were then cleaved on the column with PreScission Pro-
tease (GE Healthcare UK Ltd., Buckinghamshire, UK) in
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cleavage buffer (50 mM Tris-HCI pH7.0, 150 mM NaCl, 1
mM EDTA, 1 mM dithiothreitol) at 4° C. overnight. The
cleaved peptides were eluted from the column on the next day
by washing with cleavage buffer. Either the N36Fd or N28Fd
in this rough product was further separated from GST by a
series of ultrafiltrations using Amicon Ultra-15 Centrifugal
Filter Devices (Millipore, Billerica, USA). N36Fd and
N28Fd performed monomeric conformation in the buffer
with pH lower than 3.0, which enabled them to be collected in
the centrifuge tube of the 30 KD Ultra-15 Centrifugal Filter
Device, while GST was kept in the filter unit. Finally, the
N-Fd peptide was dialyzed against ddH,O (pH 7.0) and
refolded into trimers using the 10 KD Ultra-15 Centrifugal
Filter Device.

Purified N36Fd and N28Fd were analyzed by SDS-PAGE.
Briefly, 5 ul/well of 100 uM N36Fd or N28Fd was mixed with
4xSDS sample buffer (Novagen). The sample was boiled for
5 min or kept at room temperature (RT) before loading onto a
10-20% Tricine-Glycine gel (Invitrogen). The electrophore-
sis was conducted in SDS-PAGE running buffer with 125V
constant voltage at 4° C. The gels were stained with Simply-
Blue SafeStain (Invitrogen). After boiling for 5 min in the
presence of 2% SDS, N36Fd was denatured and exhibited a
band in the gel corresponding to the monomer form. N36Fd
treated with SDS buffer under room temperature exhibited
one major band corresponding to the trimeric form and a
number of minor bands with lower molecular size (FIG. 4).
This result suggests that a major portion of the N36Fd main-
tains trimeric conformation in SDS buffer at RT. A major
monomer band and a minor trimer band were revealed when
N28Fd was treated by boiling for 5 min, while only one band
corresponding to the trimeric form was shown when N28Fd
was treated in SDS buffer at RT (FIG. 5). These results sug-
gest that N28Fd, as a trimer, is more stable than N36Fd under
SDS conditions.

Example 3

N36Fd and N28Fd are in a Stable Alpha-Helical
Conformation

The secondary conformational structure of N36, N36Fd,
N28,N28Fd and Fd peptides was analyzed by circular dichro-
ism (CD) spectroscopy as previously described. All the
N-peptides were diluted in ddH,O (pH 7.0) and all the C-pep-
tides or the mixture of the N- and C-peptides were diluted in
50 mM sodium phosphate and 150 mM NaCl (PBS, pH 7.2)
to a final concentration of 10 uM. The individual peptides and
their mixtures were incubated in a 37° C. water bath for 0.5 h
before testing. The spectra of each sample were acquired on
Jasco spectropolarimeter (Model J-715, Jasco Inc., Japan) at
RT, using a 5.0 nm bandwidth, 0.1 nm resolution, 0.1 cm path
length, 4.0 sec response time, and a 50 nm/min scanning
speed, and were corrected by a subtraction of the background
corresponding to the solvent. The spectrum of the N-peptide
portion in the individual N36Fd or N28Fd, or in the N36Fd/
C34 or N28Fd/C34 mixture, was calculated by subtracting
the spectrum of free Fd peptide from that of N36Fd, N28Fd,
N36F+C34 or N28F+C34. The a-helicity was calculated
from the CD signal by dividing the mean residue ellipticity at
222 nm by the value expected for 100% helix formation (i.e.,
33,000° cm? dmol™') according to previous studies. Thermal
denaturation of the samples was monitored at 222 nm by
applying a temperature gradient from 20° C.to 98° C. with a
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2-degree interval, an equilibration time of 1.5 min, and an
averaging time of 60 s. The midpoint of the thermal unfolding
transition (Tm) values was calculated using Jasco software
utilities as described previously.

Free Fd peptide and N-peptides presented little a-helicity.
Unexpectedly, the chimeric N36Fd and N28Fd did not exhibit
typical a-helical spectra either, but rather a mixture of a-helix
and f-sheet conformation (FIGS. 6 and 7). Indeed, after sub-
traction of the spectra of free Fd peptide, which consists of
[-sheet structure, from those of N36Fd or N28Fd, a typical
a-helical spectrum was revealed (FIGS. 6 and 7). These
results indicate that the Fd domain in the N36Fd and N28Fd
greatly facilitated N-peptide folding into trimeric a-helical
conformation, mimicking the conformation of NHR-trimer in
the fusion intermediate state of the HIV-1 gp41. The a-helic-
ity of the N36 or N28 portion in N36Fd or N28Fd was 41.7%
and 30.9%, respectively.

Example 4

N36Fd and N28Fd Form Highly Stable Six-Helix
Bundle with CHR-Peptide C34

CD spectroscopy was used to study the interaction of
N36Fd or N28Fd trimers with C-peptides. When the molar
ratio of N36Fd and C34 was 1:1, N36Fd interacted with C34
to form a complex that had significantly increased c-helicity
(92.6% after subtracting the spectra of Fd) in comparison
with N36+C34 (71.5% a-helicity) (FIG. 8). The T,, value of
N36Fd trimer+C34 (80.9° C.) is 15 degrees higher than that of
N36+C34 (65.5° C.). Notably, free N28 peptide could not
form a complex with C34, but fusion with Fd promoted N28
to bind to C34 and fold into a conformation with 46.3%
a-helicity (FIG. 9) and 62.2° C. of T,, value. This suggests
that the Fd-based NHR-trimer is more effective than free
N-peptide to interact with C-peptides to form stable 6-HB.

Example 5

N36Fd and N28Fd are Much More Potent than N36
and N28, Respectively, in Inhibiting HIV-1-Mediated
Cell-Cell Fusion

The inhibitory activities of N36Fd and N36 on HIV-1-
induced cell-cell fusion were determined using a dye transfer
assay. Briefly, H9/HIV-1,,,. cells were pre-labeled with a
fluorescent dye, Calcein AM (Molecular Probes, Inc.,
Eugene, Oreg.), and incubated with a testing compound at a
graded concentration at 37° C. for 30 min in a 96-well cell
culture plate. Then the CD4" MT-2 cells were added to the
HY/HIV-1,,,. cells ataratio of 10:1, followed by incubation at
37° C. for 2 hrs. The fused and unfused Calcein-labeled
HIV-1-infected cells were counted under an inverted fluores-
cence microscope (Zeiss, Germany) with an eyepiece
micrometer disc. The percent inhibition of cell fusion by a
compound and the EC,, and EC,, values were calculated
using the software CalcuSyn.

As shown in FIG. 10, N36Fd trimer was about 15-fold
more potent than N36, while N28Fd trimer was >138-fold
more effective than N28 in inhibiting HIV-1-induced cell-cell
fusion. The N28Fd trimer displayed an IC,, value of 21 nM,
which is as potent as the clinically used peptide anti-HIV-1
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drug T20 (Enfuvirtide, IC5,=24 nM). As a control, Fd peptide
alone showed no inhibitory activity at the concentration up to
5,000 nM. This result suggests that the Fd-fused N-peptides
function as potent HIV-1 fusion inhibitors.

Example 6

N36Fd and N28Fd are Much More Effective than
N36 and N28, Respectively, in Inhibiting Infection
by HIV-1x4 Virus

The inhibitory activity of N36Fd and N36 on HIV-1 repli-
cation was determined as previously described. In brief,
1x10* MT-2 cells were infected with HIV-1,;,;, in 200 ul
RPMI 1640 medium containing 10% FBS in the presence or
absence of testing compounds at graded concentrations over-
night. Then the culture supernatants were removed and fresh
media containing no testing compounds were added. On the
fourth day post-infection, 100 pl of culture supernatants were
collected from each well, mixed with equal volumes of 5%
Triton X-100 and assayed for p24 antigen, which was quan-
titated by ELISA. Briefly, wells of polystyrene plates (Immu-
lon 1B, Dynex Technology, Chantilly, Va.) were coated with
HIV immunoglobulin (HIVIG), which was prepared from
plasma of HIV-seropositive donors with high neutralizing
titers against HIV-1,,,., in 0.085 M carbonate-bicarbonate
buffer (pH 9.6) at 4° C. overnight, followed by washes with
washing buffer (0.01M PBS containing 0.05% Tween-20)
and blocking with PBS containing 1% dry fat-free milk (Bio-
Rad Inc., Hercules, Calif.). Virus lysates were added to the
wells and incubated at 37° C. for 1 h. After extensive washes,
anti-p24 mAb (183-12H-5C), biotin labeled anti-mouse IgG1
(Santa Cruz Biotech., Santa Cruz, Calif.), streptavidin-la-
beled horseradish peroxidase (Zymed, S. San Francisco,
Calif.), and the substrate 3,3'.5,5'-tetramethylbenzidine
(Sigma Chemical Co.) were added sequentially. Reactions
were terminated by addition of 1IN H,SO,,. Absorbance at 450
nm was recorded in an ELISA reader (Ultra 386, TECAN,
Research Triangle Park, N.C.). Recombinant protein p24 pur-
chased from US Biological (Swampscott, Mass.) was
included for establishing standard dose response curves. Each
sample was tested in triplicate. The percentage of inhibition
of'p24 production was calculated as previously described. As
shown in FIG. 11, both N36Fd and N28Fd trimers could
effectively inhibit HIV-1,,, replication with IC, values of 99
nM and 39 nM, respectively. N36 peptide exhibited moderate
inhibitory activity (IC5,=1,033 nM), while Fd and N28 pep-
tides showed no inhibitory activity at a concentration as high
as 3,000 nM (FIG. 6A). N28Fd displayed higher antiviral
activity than N36Fd.

Example 7

N36Fd and N28Fd are Much More Effective than
N36 and N28, Respectively, in Inhibiting Infection
by HIV-1 RS Viruses

For inhibition of infection by the M-tropic HIV-1 strain Bal
(subtype B, R5), 100 ul of TZM-bl cells (1x10°/ml) were
pre-cultured overnight and infected with Bal at 100 TCID50
(50% tissue culture infective dose) in the presence or absence
of the test peptide overnight. The cells were harvested and
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lysed on the fourth day post-infection with 50 ul of lysing
reagent. The luciferase activity was analyzed using a
luciferase kit (Promega, Madison, Wis.) and a luminometer
(Ultra 386) according to the manufacturer’s instructions. The
percent inhibition of luciferase activity was calculated.

For inhibition of infection by the primary HIV-1 isolate
93IN101 (subtype C, R5), the peripheral blood mononuclear
cells (PBMCs) were isolated from the blood of healthy
donors using a standard density gradient (Histopaque-1077,
Sigma) centrifugation. After incubation at 37° C. for 2 h, the
nonadherent cells were collected and resuspended at 5x10°/
ml in RPMI medium 1640 containing 10% FBS, 5 pg of
phytohemagglutinin (PHA)/ml, and 100 U of interleukin-2/
ml, followed by incubation at 37° C. for 3 days. The PHA-
stimulated cells were infected with the primary HIV-1 isolate
at a multiplicity of infection (MOI) of 0.01 in the absence or
presence of N-Fd peptides at graded concentrations. The
supernatants were collected on the 7th day post-infection and
tested for p24 antigen by ELISA.

Both N36Fd and N28Fd trimers were effective against
primary HIV-1 isolates using the coreceptor CCRS (R5).
N28Fd trimer blocked the infection by HIV-1 Bal (subtype B,
R5)withanIC,, 0f 9.8 nM (FIG. 12). N36Fd trimer had lower
antiviral activity against Bal, with an IC5, of 182.9 nM. Both
N36Fd and N28Fd trimers displayed low-nanomolar inhibi-
tory activity against the infection by HIV-1 93IN101 (subtype
C, RS). The IC,,, values were 1.36 nM for the N36Fd trimer
and 1.27 nM for the N28Fd trimer (FIG. 13). For comparison,
T20 showed IC,,, values of 3.4 nM against Bal and 1.75 nM
against 93IN101 in these two assays. These results suggest
that N36Fd and N28Fd trimers, like T20, have a broad spec-
trum antiviral activity against HIV-1, irrespective of corecep-
tor usage.

Example 8

N36Fd and N28Fd Trimers Exhibited Highly Potent
Anti-HIV-1 Activities Against T20-Resistant Variants

Mutations in the NHR region of HIV-1 virus NL4-3 cause
genetic resistance to T20. The inhibitory activity of N36Fd
and N28Fd trimers on the replication of T20-resistant strains
was determined using p24 assay as described above. As
shown in Table 1, T20 could potently inhibit the T20-sensitive
strain HIV-1y;4 3567 auas (IC50=30 nM), but it
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was much less effective against the T20-resistant
strains  HIV- lNL4-3(36G) sasovase  (IC50=374  nM), s
HIV- lNL4-3(3 6G) yasznvans  (1Cs0=1,390  nM), and

HIV-15743666) vasamazp (1C50=2,297 nM). However,
N36Fd and N28Fd trimers had similar high potency against

both T20-resistant and sensitive strains (IC5,=27~59 nM).
TABLE 1
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Example 9

N28Fd was Much More Resistant than T20 to
Proteinase K Digestion

One of the principal disadvantages of the current gp4l
CHR-based peptide drug T20 is its short half-life in vivo and
high sensitivity to the proteolytic enzymes in blood. It is the
non-binding hypothesis of the present inventors that the well-
folded secondary conformation of N28Fd trimer might be
resistant to proteolytic enzymes. Therefore, the stability of
N28Fd trimer under the digestion of the broad-spectrum
serine proteinase, Proteinase K, was determined. T20 was
used as a control. Peptide (40 pug/ml) was incubated at 37° C.
in PBS containing 1 pU/ml Proteinase K-Acrylic Beads
(Sigma). Samples were collected at different times and cen-
trifuged immediately. The supernatants were collected and
stored at -20° C. before testing. The residual peptide concen-
tration in each sample was then detected by ELISA as previ-
ously described. In brief, 50 ul of sample was coated onto
wells of a 96-well polystyrene plate, followed by addition of
rabbit antibodies directed against the HIV-1 gp41 N- and
C-peptide mixture for binding N28Fd (at 1:400 dilution) and
T20 (at 1:2000 dilution), respectively. Then, biotin-labeled
goat anti-rabbit IgG (Sigma), streptavidin-labeled horserad-
ish peroxidase (SA-HRP; Zymed), and the substrate 3,3",5,
S'-tetramethylbenzidine (TMB; Sigma) were added sequen-
tially. The absorbance at 450 nm (A450) was measured with
an automatic enzyme-linked immunosorbent assay (ELISA)
reader (Ultra 384). The remaining antiviral activity in the
supernatants against HIV-1,,,- infection was determined as
described above. In both assays, the untreated N28Fd and T20
were used as controls.

After treatment with 1 pU/ml Proteinase K in PBS for 3 hrs,
the N28Fd trimer maintained 84% of the original amount
detected by ELISA and 97% of the original antiviral activity
against HIV-1,,,. infection (FIGS. 14 and 15). Under the
same conditions, T20 retained only 17% of the original activ-
ity (FIG. 14) and completely lost its anti-HIV-1 activity after
3-hour treatment with Proteinase K (FIG. 15). These results
suggest that the N28Fd trimer is considerably more resistant
to Proteinase K than T20.

Compounds useful in accordance with the present inven-
tion include pharmaceutically acceptable salt forms, pro-
drugs and stereoisomers thereof.

Inhibitory activity of N28Fd and N36Fd against infection by T20-resistant HIV-1 strains

1C5q (nM)
HIV-1 strain Phenotype T20 N28Fd trimer ~ N36Fd trimer
HIV-1n74-3G366) Nazs T20-sensitive 30.03 £12.88 26.95 £0.02 56.34+£9.24
HIV-1n743G60) marvazg T20-resistant 373.82 £25.65 30.56 = 6.07 25.22 +4.68
HIV-1n743G60) rasemazs  120-resistant 1389.85 + 60.67 46.43 £ 4.49 4532 £6.28
HIV-1n743G66) vasamazp  T20-resistant 2297.19 £326.23  29.03 £0.82 56.80 = 6.40
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TABLE 2

SEQ ID NO:

(construct) Amino Acid Sequence

1
(N36Fd1l)

2
(N46Fd1l)

3
(N51Fd1)

4
(N54Fd1)

5
(N6OFd1)

6
(FAN28Fd1)

7
(N17Fd1)

8
(N36Fd2)

9
(N46Fd2)

10
(N51Fd2)

11
(N54Fd2)

12
(N6OFd2)

13
(N28Fd2)

14
(N17Fd2)

15
(C14Fd1l)

16
(C21Fd1)

17
(C28Fd1l)

18
(C34Fd1l)

19
(C36Fdl)

20
(C38Fd1l)

21
(C46Fdl)

22
(C1l4Fd2)

23
(C21Fd2)

24
(C28Fd2)

25
(C34Fd2)

26
(C36Fd2

SGIVQQONNLLRAIEAQQHLLQLTVWGIKQLQARI LGYIPEAPRDGQAYVRKD
GEWVLLSTFL

TLTVQARQLLSGIVQQONNLLRAI EAQQHLLQLTVWG IKQLOARI LGY IPEAPR
DGQAYVRKDGEWVLLSTFL

QARQLLSGIVQQONNLLRAIEAQQHLLOLTVWGIKQLQARI LAVERYLKQQGYT
PEAPRDGQAYVRKDGEWVLLSTFL

STMGAASMTLTVQARQLLSGIVQQONNLLRAT EAQQHLLQLTVWG IKQLOARIL
GYIPEAPRDGQAYVRKDGEWVLLSTFL

STMGAASMTLTVQARQLLSGIVQQONNLLRAT EAQQHLLQLTVWG IKQLOARIL
AVERYLGYIPEAPRDGQAYVRKDGEWVLLSTFL

IEAQQHLLQLTVWGIKQLQARILAVERYGYIPEAPRDGQAYVRKDGEWVLLST
FL

LLOLTVWGIKQLQARILGYIPEAPRDGQAYVRKDGEWVLLSTFL

SGIVQQONNLLRAIEAQQHLLQLTVWGIKQLOARI LGSGYIPEAPRDGQAYVR

KDGEWVLLSTFL

TLTVQARQLLSGIVQQONNLLRAI EAQQHLLOLTVWG IKQLOARI LGSGYIPEA
PRDGQAYVRKDGEWVLLSTFL

QARQLLSGIVQQONNLLRAIEAQOHLLOLTVAGIKQLQARI LAVERYLKQQGS
GYIPEAPRDGQAYVRKDGEWVLLSTFL

STMGAASMTLTVQARQLLSGIVQQONNLLRAT EAQQHLLQLTVWG IKQLOARIL
GSGYIPEAPRDGQAYVRKDGEWVLLSTFL

STMGAASMTLTVQARQLLSGIVQQONNLLRAT EAQQHLLQLTVWG IKQLOARIL
AVERYLGSGYIPEAPRDGQAYVRKDGEWVLLSTFL

IEAQQHLLQLTVWGIKQLQARILAVERYGSGY IPEAPRDGQAYVRKDGEWVLL
STFL

LLOLTVWGIKQLOQARILGSGYIPEAPRDGQAYVRKDGEWVLLSTFL

WMEWDREINNYTSLGYIPEAPRDGQAYVRKDGEWVLLSTFL

WMEWDREINNYTSLIHSLIEEGYIPEAPRDGQAYVRKDGEWVLLSTFL

WMEWDREINNYTSLIHSLIEESQNQQEKGYIPEAPRDGQAYVRKDGEWVLLS

TFL

WMEWDREINNYTSLIHSLIEESQNQOEKNEQELLGYIPEAPRDGQAYVRKDGE
WVLLSTFL

WMEWDREINNYTSLIHSLIEESQNQOEKNEQELLELGYIPEAPRDGQAYVRKD
GEWVLLSTFL

TTWMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELGYIPEAPRDGQAYVR
KDGEWVLLSTFL

WMEWDREINNYTSLIHSLIEESQNQOEKNEQELLELDKWASLWNWFGYIPEA
PRDGQAYVRKDGEWVLLSTFL

WMEWDREINNYTSLGSGYIPEAPRDGQAYVRKDGEWVLLSTFL

WMEWDREINNYTSLIHSLIEEGSGYIPEAPRDGQAYVRKDGEWVLLSTFL

WMEWDREINNYTSLIHSLIEESQNQOQEKGSGYIPEAPRDGQAYVRKDGEWVL

LSTFL

WMEWDREINNYTSLIHSLIEESQNQOEKNEQELLGSGYIPEAPRDGQAYVRKD
GEWVLLSTFL

WMEWDREINNYTSLIHSLIEESQNQOEKNEQELLELGSGYIPEAPRDGQAYVR
KDGEWVLLSTFL
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TABLE 2-continued

20

SEQ ID NO:
(construct) Amino Acid Sequence

27 TTWMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELGSGYIPEAPRDGQAY
(C38Fd2) VRKDGEWVLLSTFL

28 WMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELDKWAS LWNWFGSGYIP
(C46Fd2) EAPRDGQAYVRKDGEWVLLSTFL

29 GYIPEAPRDGQAYVRKDGEWVLLSTFL

(Fd1)

30 GSGYIPEAPRDGQAYVRKDGEWVLLSTFL

(Fd2)

31 SGIVQQONNLLRAIEAQQHLLQLTVWGIKQLOARTL

(N36)

32 IEAQOHLLOLTVWGI KQLQARILAVERY

(N28)

Unless otherwise indicated, all numbers expressing quan-

tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth used in the specification and
claims are to be understood as being modified in all instances
by the term “about.”” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the specifica-
tion and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should at
least be construed in light of the number of reported signifi-
cant digits and by applying ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily result-
ing from the standard deviation found in their respective
testing measurements.
The terms “a,” “an,” “the” and similar referents used in the
context of describing the invention (especially in the context
of'the following claims) are to be construed to cover both the
singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Recitation of ranges of values
herein is merely intended to serve as a shorthand method of
referring individually to each separate value falling within the
range. Unless otherwise indicated herein, each individual
value is incorporated into the specification as if it were indi-
vidually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as”) provided herein is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention otherwise claimed. No language in the specifi-
cation should be construed as indicating any non-claimed
element essential to the practice of the invention.

Groupings of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limita-
tions. Each group member may be referred to and claimed
individually or in any combination with other members of the
group or other elements found herein. Itis anticipated that one
or more members of a group may be included in, or deleted
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from, a group for reasons of convenience and/or patentability.
When any such inclusion or deletion occurs, the specification
is deemed to contain the group as modified thus fulfilling the
written description of all Markush groups used in the
appended claims.

Certain embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Of course, variations on these
described embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereofis encompassed by the inven-
tion unless otherwise indicated herein or otherwise clearly
contradicted by context.

Furthermore, numerous references have been made to pat-
ents and printed publications throughout this specification.
Each of the above-cited references and printed publications
are individually incorporated herein by reference in their
entirety.

Specific embodiments disclosed herein may be further lim-
ited in the claims using consisting of or consisting essentially
of language. When used in the claims, whether as filed or
added per amendment, the transition term “consisting of”
excludes any element, step, or ingredient not specified in the
claims. The transition term “consisting essentially of” limits
the scope of a claim to the specified materials or steps and
those that do not materially affect the basic and novel char-
acteristic(s). Embodiments of the invention so claimed are
inherently or expressly described and enabled herein.

In closing, it is to be understood that the embodiments of
the invention disclosed herein are illustrative of the principles
of the present invention. Other modifications that may be
employed are within the scope of the invention. Thus, by way
of'example, but not of limitation, alternative configurations of
the present invention may be utilized in accordance with the
teachings herein. Accordingly, the present invention is not
limited to that precisely as shown and described.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 37

<210> SEQ ID NO 1

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N36-Fdl peptide

<400> SEQUENCE: 1

Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu
1 5 10

Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly
20 25

Ala Arg Ile Leu Gly Tyr Ile Pro Glu Ala Pro
35 40

Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu
50 55

<210> SEQ ID NO 2

<211> LENGTH: 73

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N46-Fdl peptide

<400> SEQUENCE: 2

Thr Leu Thr Val Gln Ala Arg Gln Leu Leu Ser
1 5 10

Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala Gln
20 25

Leu Thr Val Trp Gly Ile Lys Gln Leu Gln Ala
35 40

Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr
50 55

Glu Trp Val Leu Leu Ser Thr Phe Leu
65 70

<210> SEQ ID NO 3

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N51-Fdl peptide

<400> SEQUENCE: 3

Gln Ala Arg Gln Leu Leu Ser Gly Ile Val Gln
1 5 10

Leu Arg Ala Ile Glu Ala Gln Gln His Leu Leu
20 25

Gly Ile Lys Gln Leu Gln Ala Arg Ile Leu Ala
35 40

Lys Gln Gln Gly Tyr Ile Pro Glu Ala Pro Arg
50 55

Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser
65 70 75

<210> SEQ ID NO 4

<211> LENGTH: 81

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

Arg

Ile

Arg

Ser

Gly

Gln

Arg

Val
60

Gln

Gln

Val

Asp

60

Thr

Ala

Lys

Asp

45

Thr

Ile

His

Ile

45

Arg

Gln

Leu

Glu

45

Gly

Phe

Ile
Gln
30

Gly

Phe

Val
Leu
30

Leu

Lys

Asn

Thr

30

Arg

Gln

Leu

Glu
15
Leu

Gln

Leu

Gln
15
Leu

Gly

Asp

Asn
15
Val

Tyr

Ala

Ala

Gln

Ala

Gln

Gln

Tyr

Gly

Leu

Trp

Leu

Tyr
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: N54-Fdl peptide
<400> SEQUENCE: 4
Ser Thr Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg Gln
1 5 10 15
Leu Leu Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile
20 25 30
Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln
35 40 45
Leu Gln Ala Arg Ile Leu Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly
50 55 60
Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe
65 70 75 80
Leu
<210> SEQ ID NO 5
<211> LENGTH: 87
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: N60-Fdl peptide
<400> SEQUENCE: 5
Ser Thr Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg Gln
1 5 10 15
Leu Leu Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile
20 25 30
Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln
35 40 45
Leu Gln Ala Arg Ile Leu Ala Val Glu Arg Tyr Leu Gly Tyr Ile Pro
50 55 60
Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp
65 70 75 80
Val Leu Leu Ser Thr Phe Leu
85
<210> SEQ ID NO 6
<211> LENGTH: 55
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Fd-N28-Fdl peptide
<400> SEQUENCE: 6
Ile Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys
1 5 10 15
Gln Leu Gln Ala Arg Ile Leu Ala Val Glu Arg Tyr Gly Tyr Ile Pro
20 25 30
Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp
35 40 45
Val Leu Leu Ser Thr Phe Leu
50 55
<210> SEQ ID NO 7
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: N17-Fdl peptide
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<400> SEQUENCE: 7

Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln Leu Gln Ala Arg Ile
1 5 10 15

Leu Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg
20 25 30

Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
35 40

<210> SEQ ID NO 8

<211> LENGTH: 65

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N36-Fd2 peptide

<400> SEQUENCE: 8

Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala
1 5 10 15

Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln Leu Gln
20 25 30

Ala Arg Ile Leu Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly
35 40 45

Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe
50 55 60

Leu
65

<210> SEQ ID NO 9

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N46-Fd2 peptide

<400> SEQUENCE: 9

Thr Leu Thr Val Gln Ala Arg Gln Leu Leu Ser Gly Ile Val Gln Gln
1 5 10 15

Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala Gln Gln His Leu Leu Gln
20 25 30

Leu Thr Val Trp Gly Ile Lys Gln Leu Gln Ala Arg Ile Leu Gly Ser
35 40 45

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys
50 55 60

Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu

<210> SEQ ID NO 10

<211> LENGTH: 80

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N51-Fd2 peptide

<400> SEQUENCE: 10

Gln Ala Arg Gln Leu Leu Ser Gly Ile Val Gln Gln Gln Asn Asn Leu
1 5 10 15

Leu Arg Ala Ile Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp
20 25 30

Gly Ile Lys Gln Leu Gln Ala Arg Ile Leu Ala Val Glu Arg Tyr Leu
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35

40

Lys Gln Gln Gly Ser Gly Tyr Ile Pro Glu Ala

50

55

Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu

65 70

<210> SEQ ID NO 11

<211> LENGTH: 83

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N54-Fd2 peptide

<400> SEQUENCE: 11

Ser Thr Met Gly Ala Ala Ser Met Thr

1 5

Leu Leu Ser Gly Ile Val Gln Gln Gln

20 25
Glu Ala Gln Gln His Leu Leu Gln Leu
35 40
Leu Gln Ala Arg Ile Leu Gly Ser Gly
50 55

Asp Gly Gln Ala Tyr Val Arg Lys Asp

65 70

Thr Phe Leu

<210> SEQ ID NO 12

<211> LENGTH: 89

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N60-Fd2 peptide

<400> SEQUENCE: 12

Ser Thr Met Gly Ala Ala Ser Met Thr

1 5

Leu Leu Ser Gly Ile Val Gln Gln Gln

20 25
Glu Ala Gln Gln His Leu Leu Gln Leu
35 40
Leu Gln Ala Arg Ile Leu Ala Val Glu
50 55

Ile Pro Glu Ala Pro Arg Asp Gly Gln

65 70

Glu Trp Val Leu Leu Ser Thr Phe Leu
85

<210> SEQ ID NO 13

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N28-Fd2 peptide

<400> SEQUENCE:

13

Leu

10

Asn

Thr

Tyr

Gly

Leu

10

Asn

Thr

Arg

Ala

75

Thr

Asn

Val

Ile

Glu
75

Thr

Asn

Val

Tyr

Tyr
75

45

Pro Arg Asp Gly Gln

60

Leu Ser Thr Phe Leu

Val

Leu

Trp

Pro

60

Trp

Val

Leu

Trp

Leu

60

Val

Gln

Leu

Gly

Glu

Val

Gln

Leu

Gly

45

Gly

Arg

Ala

Arg

30

Ile

Ala

Leu

Ala

Arg

Ile

Ser

Lys

Arg

15

Ala

Lys

Pro

Leu

Arg

15

Ala

Lys

Gly

Asp

80

Gln

Ile

Gln

Arg

Ser
80

Gln

Ile

Gln

Tyr

Gly

Ile Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys

1

5

10

15

Gln Leu Gln Ala Arg Ile Leu Ala Val Glu Arg Tyr Gly Ser Gly Tyr

20

25

30
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Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly
35 40 45

Glu Trp Val Leu Leu Ser Thr Phe Leu
50 55

<210> SEQ ID NO 14

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: N17-Fd2 peptide

<400> SEQUENCE: 14

Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln Leu Gln Ala Arg Ile
1 5 10 15

Leu Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr
20 25 30

Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
35 40 45

<210> SEQ ID NO 15

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cl14-Fdl peptide

<400> SEQUENCE: 15

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Gly Tyr
1 5 10 15

Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly
20 25 30

Glu Trp Val Leu Leu Ser Thr Phe Leu
35 40

<210> SEQ ID NO 16

<211> LENGTH: 48

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C21-Fdl peptide

<400> SEQUENCE: 16

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln
20 25 30

Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
35 40 45

<210> SEQ ID NO 17

<211> LENGTH: 55

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C28-Fdl peptide

<400> SEQUENCE: 17

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Gly Tyr Ile Pro
20 25 30
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Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp

35 40

Val Leu Leu Ser Thr Phe Leu

50

<210>
<211>
<212>
<213>
<220>
<223>

55

SEQ ID NO 18

LENGTH: 61

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: C34-Fdl peptide

<400> SEQUENCE: 18

1

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr
5

10

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu

20 25

Leu Leu Gly Tyr Ile Pro Glu Ala Pro Arg Asp

35 40

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr

50

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

55

SEQ ID NO 19

LENGTH: 63

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: C36-Fdl peptide

SEQUENCE: 19

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr
5

10

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu

20 25

Leu Leu Glu Leu Gly Tyr Ile Pro Glu Ala Pro

35 40

Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu

50

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 65

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: C38-Fdl peptide

<400> SEQUENCE: 20

Thr

1

Ile

Gln

Gln

65

Thr Trp Met Glu Trp Asp Arg Glu Ile Asn

Hi

Gl

Al
50

5 10

s Ser Leu Ile Glu Glu Ser Gln Asn Gln
20 25

u Leu Leu Glu Leu Gly Tyr Ile Pro Glu
35 40

a Tyr Val Arg Lys Asp Gly Glu Trp Val
55

<210> SEQ ID NO 21
<211> LENGTH: 73
<212> TYPE: PRT

Thr

Lys

Gly

Phe
60

Thr

Lys

Arg

Ser

Asn

Gln

Ala

Leu
60

45

Ser

Asn

Gln

45

Leu

Ser

Asn

Asp

45

Thr

Tyr

Glu

Pro
45

Leu

Leu
Glu
30

Ala

Leu
Glu
30

Gly

Phe

Thr
Lys
30

Arg

Ser

Ile His
15
Gln Glu

Tyr Val

Ile His
15
Gln Glu

Gln Ala

Leu

Ser Leu
15
Asn Glu

Asp Gly

Thr Phe
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: C46-Fdl peptide

<400> SEQUENCE: 21

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu
20 25 30

Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe Gly Tyr
35 40 45

Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly
50 55 60

Glu Trp Val Leu Leu Ser Thr Phe Leu
65 70

<210> SEQ ID NO 22

<211> LENGTH: 43

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Cl14-Fd2 peptide

<400> SEQUENCE: 22

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Gly Ser
1 5 10 15

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys
20 25 30

Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
35 40

<210> SEQ ID NO 23

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C21-Fd2 peptide

<400> SEQUENCE: 23

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp
20 25 30

Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr
35 40 45

Phe Leu

<210> SEQ ID NO 24

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C28-Fd2 peptide

<400> SEQUENCE: 24

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Gly Ser Gly Tyr
20 25 30

Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly
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35 40 45

Glu Trp Val Leu Leu Ser Thr Phe Leu
50 55

<210> SEQ ID NO 25

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C34-Fd2 peptide

<400> SEQUENCE: 25

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu
20 25 30

Leu Leu Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala
35 40 45

Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
50 55 60

<210> SEQ ID NO 26

<211> LENGTH: 65

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C36-Fd2 peptide

<400> SEQUENCE: 26

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu
20 25 30

Leu Leu Glu Leu Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly
35 40 45

Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe
50 55 60

Leu
65

<210> SEQ ID NO 27

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C38-Fd2 peptide

<400> SEQUENCE: 27

Thr Thr Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu
1 5 10 15

Ile His Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu
20 25 30

Gln Glu Leu Leu Glu Leu Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg
35 40 45

Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser
50 55 60

Thr Phe Leu
65

<210> SEQ ID NO 28
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<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: C46-Fd2 peptide

<400> SEQUENCE: 28

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu
20 25 30

Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe Gly Ser
35 40 45

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys
50 55 60

Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
65 70 75

<210> SEQ ID NO 29

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Bacteriophage T4

<400> SEQUENCE: 29

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys
1 5 10 15

Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
20 25

<210> SEQ ID NO 30

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Bacteriophage T4

<400> SEQUENCE: 30

Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val
1 5 10 15

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
20 25

<210> SEQ ID NO 31

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 31

Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala
1 5 10 15

Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln Leu Gln
20 25 30

Ala Arg Ile Leu
35

<210> SEQ ID NO 32

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 32

Ile Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys
1 5 10 15
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40

Gln Leu Gln Ala Arg Ile Leu Ala Val Glu Arg Tyr
20 25

<210> SEQ ID NO 33

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 33

Gln Ile Trp Asn Asn Met Thr
1 5

<210> SEQ ID NO 34

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 34

Ile Glu Ala Gln Gln His
1 5

<210> SEQ ID NO 35

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 35

Phe Pro Met Gly Ala Ala Ser Met Thr Leu Thr Val Gln Ala Arg Gln
1 5 10 15

Leu Leu Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile
20 25 30

Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln
35 40 45

Leu Gln Ala Arg Ile Leu Ala Val Glu Arg Tyr Gln Ile Trp Asn Asn
50 55 60

Met Thr Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu
65 70 75 80

Ile His Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu

Gln Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe
100 105 110

<210> SEQ ID NO 36

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 36

Trp Met Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His
1 5 10 15

Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu
20 25 30

Leu Leu

<210> SEQ ID NO 37

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 37

Tyr Thr Ser Leu Ile His Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln



US 9,115,186 B2
41 42

-continued

1 5 10 15

Glu Lys Asn Glu Gln Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu
20 25 30

Trp Asn Trp Phe

35

10
What is claimed is: 2. The pharmaceutical composition of claim 1 wherein said
1. A pharmaceutical composition comprising a trimeric polypeptide monomer is produced by recombinant DNA

polypeptide, wherein said trimeric polypeptide comprises technology.
three polypeptide monomers, each polypeptide monomer
consisting of a fusion peptide consisting of the amino acid
sequence of the N-terminal heptad repeat (NHR or HR1) of

3. The pharmaceutical composition of claim 1 wherein said
15 polypeptide monomer comprises the amino acid sequence of

SEQ ID NO. 6.
the transmembrane glycoprotein gp41 of human immunode- . . . L
ficiency virus (HIV) fused to a foldon trimerization motif, 4.The Pharmaceutlcal composition of .clalm 1 wherein said
wherein said NHR is N28, and wherein said foldon trimer- polypeptide monomer comprises the amino acid sequence of
ization motif sequence is fused to the C-terminus of said SEQID NO. 13.

NHR. % % % % %
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